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SURFACE MODIFICATION 

The use of power beams, for example electron and laser 
5 . beams for surface modification is already well known. 
Several different methods exist for changing the surface 
properties of a material in which a power beam is used to 
remove, chemically modify, or displace material . on the 
surface of the work. Several of these are already subject 

10 to patent applications and patent grants. 

In the conventional EB drilling process for most 
metals or other materials which exhibit a liquid phase, the 
process is applied as follows. First, a high power 
density beam makes a blind "keyhole" in the material. This 

15 "keyhole" typically consists of a narrow, deep cavity. On 
the sides of the cavity there is a layer of molten 
material . The cavity is held open predominately by the 
vapour pressure of the material, which will be at or near 
its boiling point in the area of highest beam power 

2 0 density. Second, the beam is allowed to dwell for a 

sufficient length of time that the cavity becomes through 
penetrating rather than blind. Third, the beam is allowed 
to dwell a little longer at the same location, so that the 
beam impinges on backing material that is close-fitting to 
25 rear of the work. This backing material is volatile, and 
produces a burst of gaseous material that expels almost all 
of the molten material from the sides of the hole. 

It should be noted that this type of drilling 
operation cannot produce clean "blind" holes because there 

3 0 is no force present which is capable of expelling all the 

liquid material. 

In the case of a material that does not exhibit a 
liquid phase, or may be chemically converted .directly to a 
gaseous phase a drilling or cutting operation may be 
35 accomplished without backing material. In this instance 
blind holes may be made. 
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Likewise a "gas assist" in which a jet of gas is 
applied to the molten material in order to displace it for 
cutting and drilling purposes is also employed in many- 
cases, e.g. using a laser. 
5 Various methods exist which include the use of power 

beams to remove material from the surface of the work so as 
to leave upstands of essentially unaltered material, and in 
this way a functional surface may be obtained. 

Techniques also exist in which the material may be 

10 displaced in the liquid phase to alter the functionality of 
the surface. In one variant, the material is textured by 
a power beam that is either stationary with respect to the 
surface of a moving workpiece, or is moved relative to the 
surface in the same direction as the workpiece motion 

15 within a fixed frame of reference. In this way usually 
shallow cavities of a round or elongated shape, with 
approximately uniform raised edges are made. The surface 
textures incorporating features of this type are utilised 
in the preparation of rolls for use in steel mills, in 

20 which the texture is imparted to the rolled steel product. 
In a second "surface texturing" process, the electron (or 
laser) beam is manipulated in multiple directions at the 
site of each cavity, with the result that the displaced 
material can be manipulated in a specific fashion. If 

2 5 adjacent features are created whilst the previous ones are 

still molten, or at least still very hot, displaced molten 
material from different cavities may be combined, or the 
entire surface can be well fused. This second technique is 
therefore capable of making a wide variety of functional 

3 0 surfaces. 

Both the material displacement techniques outlined 
above tend to produce characteristic surfaces . In the 
former case, the displaced material is uniformly 
distributed only if the cavities are relatively shallow in 
35 relation to their diameter. In the second case, the holes 
may be of comparable depth in relation to their width, 
provided the material displaced from them is removed from 



the cavity in the right way. The displaced material from 
the holes, alone or in combination with other molten 
displaced material from adjacent holes, solidifies in 
characteristic formations. These are similar to one 
5 another only in the fact that their shape is dictated to 
some extent by surface tension forces. 

In most metals, the displaced material tends where 
possible to adopt a quasi -spherical shape. The connection 
between the displaced material and the substrate, and thus 
10 the shape of the redeposited displaced material, is 
influenced by the wetted area and temperature of both the 
substrate and the displaced material. The overall effect 
is that in most metals, upstanding features above the 
original substrate surface are limited in their 
15 height /width ratio. In particular, the height of any given 
area of redeposited material above the original substrate 
surface is most unlikely to significantly exceed its width. 

In the present "surface sculpting" invention, a new 
power beam surface treatment is described, in which a novel 
20 treatment is used to predominantly displace material in the 
liquid phase, in order to create novel types of surface. In 
the present invention, a location on the workpiece surface 
is exposed to a moving power beam in a particular way on 
two or more, preferably numerous, occasions. In contrast 

2 5 to the previous methods described, the displaced material 

from each location is allowed to substantially solidify in 
a new position before the power beam is used at the same or 
a neighbouring location again. 

The effect of this is that the displaced material from 

3 0 one visit of the. beam to a particular location on the 

workpiece surface may subsequently be overlapped by more 
displaced material. This can either be more material from 
the same location, or more material displaced from an 
alternate location. Likewise the cavities formed may also 
.35 be overlapped to produce a new type of surface. 

The result of this novel process is that the usual 
constraints imposed upon the geometry of the solidified 



material (and the cavities also created) described above 
are no longer apparent. Using this technique, new features 
may be "grown" on the surface by using successive visits of 
the beam to a particular location. These features may be 
many times greater in height than width, in contrast to 
those manufactured by the existing techniques. 

In accordance with the present invention, a method of 
modifying the surface of a workpiece comprises: 

1) causing relative movement between a power beam 
and the workpiece so that an elongate region of the 
workpiece is melted and the melted material displaced to 
form a hump at one end of the region- and a cavity at the 
other ; 

2) allowing the melted material to solidify; and 
thereafter 

3) repeating step 1) one or more times, the elongate 
region corresponding to each repeat intersecting the 
elongate region of step 1) . 

Some examples of methods according to the present 
invention will now be described with reference to the 
accompanying drawings, in which: - 

Figure 1 illustrates a single swipe along a substrate; 

Figure 2 illustrates the swipe of Figure 1 in cross- 
section; 

Figures 3-5 are views similar to Figure 2 but 
illustrating two, three and n superimposed swipes 
respectively; 

Figure 6 is a perspective view of the Figure 5 
example; 

Figures 7-9 illustrate a notation system; 

Figure 10 illustrates the formation of a "super hump"; 

Figure 11 illustrates the creation of a "super hole"; 

Figure 12 illustrates the formation of a network of 
super holes and super humps; 

Figure 13 is a photomicrograph of a super hump in 
austenitic stainless steel; 



Figure 14 is a photomicrograph of an area of the 
substrate shown in Figure 13; and, 

Figure 15 illustrates a larger area of the substrate 
shown in Figures 13 and 14 . 

In all these examples, the surface modification is 
carried out by a focussed electron beam generated using a 
conventional electron beam source, the beam being moved 
relative to a substrate. Of course, as mentioned above, 
the substrate could be moved relative to the beam or indeed 
both could be moved. 

Figure 1 illustrates the formation of a single swipe 
in a substrate 1 such as steel. The swipe commences at the 
location labelled 2 in Figure 1 causing the formation of a 
small hump. The beam then moves in a generally linear path 
5 to create a melted region 3 and terminates at a point 4 
where a small crater or cavity is formed. This will result 
in the displacement of substrate material and this is 
allowed to solidify, generally while the beam is creating 
swipe (s) in other locations. The beam can then return to 
this swipe location to repeat the swipe either exactly or 
in other ways as will be described in more detail below. 

Each swipe is likely to incorporate a predominantly 
linear motion in relation to the work 1, whose length is 
typically several times greater than the diameter of the 
beam. If the swipe path 3 is curved, a typical minimum 
radius of curvature would be comparable (but not limited) 
to the beam diameter. 

Each swipe is capable of generating a small pool of 
molten material, which is translated across the surface of 
the work 1. In this pool, there is typically a significant 
surface shaping force, from the vapour pressure arising 
from the beam incident on the metal surface. The effect of 
each swipe is to displace a small amount of material. 
Typically a small amount of surplus material is seen as a 
hump 2 at the start of the swipe. A small cavity 4 of 
corresponding size is seen at the finish of the swipe 
(Figure 2) . 
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If a second swipe is exactly superimposed over a 
first, both the finish cavity 4 and the start hump 2 will 
to a first approximation double in size (Figure 3) . 

If a third overlapping swipe is superimposed over the 
first two, the finish cavity 4 and start hump 2 will now be 
approximately three times larger than after the first swipe 
(Figure 4) . 

After a number n of overlapping swipes (Figures 5 and 
6) , the finish cavity 4 in the work 1 and the start hump 2 
may be of great height/depth to width ratio. When this 
happens, the incident beam may no longer melt the same 
quantity of material at the finish crater because of an 
effective drop in the beam power density per unit area at 
the point of incidence. 

After a number of overlapping swipes, the material at 
the start hump 2 may no longer be adequately chilled by the 
bulk owing to its now remote connection to it. This may 
result in no further increase in the height of the start 
hump with further successive swipes because each swipe now 
remelts nearly all the material from the previous swipe. 

If the start positions of several different swipes are 
superimposed, the effect is to make a superimposed start 
hump many times larger than each of the finish cavities, 
i.e. a super hump (Figure 10) . 

If none of the finish cavities overlap at all but all 
of the start humps do, then the result will be a general 
reduction in the height of the substrate surface 
surrounding a sizeable start hump feature. 

If the finish cavities of several swipes are 
superimposed, the result may be to make a cavity that is 
several times larger than each of the start humps, i.e. a 
super hole (Figure 11) . 

If none of the start humps overlap, but all of the ■ 
finish cavities do, the effect is to make a deep cavity 
that is surrounded by a small plateau raised slightly above 
the original workpiece surface. 
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If the surface is plated or coated with a second 
material, or the work is carried out in a suitable gaseous 
or liquid environment, a new functional alloy may be 
created. In the case of a coating, successive swipes can 
displace material from either the coating itself, or from 
an exposed area of the substrate as desired. In this way, 
the composition and properties of a start hump may be 
graded from top to bottom. 

If successive linear swipes are carried out at the 
same location, the result is usually that the start hump 2 
is approximately triangular in shape. The sides of the 
start hump facing away from and to each side of the swipe 
direction are almost vertical. The other side is usually 
angled to the substrate surface. The finish cavity may 
also be of corresponding triangular shape. 

If successive linear swipes are started at slightly 
altered locations, e.g. each one requiring a slightly 
different length path to reach the same finish cavity, the 
result will be a non-vertical start hump feature. In this 
case, if successively shorter swipe paths are used, the 
side of the start hump facing away from the swipe direction 
will also be angled acutely to the substrate surface. This 
effect may be tailored so as to produce a symmetric start 
hump feature. 

Alternatively, with a successively longer swipe path, 
the side of the start hump facing away from the swipe 
direction will be inclined to the substrate surface so as 
to produce an overhanging feature. 

If successive linear swipes are carried out at the 
same location but the swipes are not superimposed exactly 
so that there is a small displacement with each swipe in a 
lateral direction, the effect will be to produce a start 
hump that is inclined laterally to the substrate surface. 

In the latter two case, if neighbouring inclined start 
humps are made in such a way that they are inclined towards 
one another, several start humps may be fused together. 
This may be done in such a way as to create a "loop" or 
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"loops" of fused material standing proud of the substrate 
surface . 

The geometry of the finish cavity may be controlled in 
a similar way, given that the beam still has line of sight 
5 access to the bottom of the cavity, which may require a 
complex beam/workpiece manipulation in the case.: of an 
inclined finish cavity. 

The process is generally applied to a surface 
perpendicular to the incident power beam direction, but may 
10 be applied successfully at other angles to the workpiece 
surface in many cases . 

If carried out in the correct fashion, the process 
allows the generation of slots in the surface of the work 
* that are parallel -sided, 
15 Slots or cavities in the work can be made to intersect 

one another at numerous locations. However, correct 
material displacement is not usually maintained if a new 
swipe path crosses over an existing slot. 

In the preferred technique, "T" shaped slots are made 
20 by either the intersection of three separate finish 
cavities from three separate swipes paths, each carried out 
in turn, or by the intersection of a new finish cavity with 
the mid-point of an existing slot . 

Slots may be many times deeper and longer than they 
25 are wide. In suitable section thickness, slots may be made 
to fully penetrate the work. 

The minimum slot width is determined typically by the 
diameter of that part of the beam (the "core") which 
possesses sufficient power density to create the shaping 
30 force effect described above. 

.The sides of the slots formed by this process may 
consist entirely of remelted material, which in EB drilling 
parlance would be "undefined". In the surface sculpting 
process, the "undefined" material from each swipe usually 
35 fuses smoothly with that from previous swipes. The result 
is therefore a slot with remarkably smooth and parallel 
sides. 
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By applying the inventive process with a beam of 
appropriate diameter and power, features of almost any size 
may be created on any material which exhibits a stable 
liquid phase under the process conditions. 
5 Special processing conditions may be required in those 

cases in which the surface tension of the liquid phase is 
a very strong function of temperature . 

If one or more (matching or non-matching) materials is 
continuously added to what would normally be the "finish 
. 10 cavity" region of the work, the net result can be 
upstanding features on the surface with little or no 
corresponding. cavities if desired. Extra material may be 
added via the use of conventional techniques e.g. wire or 
powder. If material is continuously removed from the 
15 "start hump" region of the work, the result can be cavities 
in the work with little or no upstanding material. Surplus 
molten material may be removed via wicking, suction or 
blowing (e.g. via a gas jet) or by the application of a 
higher power density beam which causes spontaneous eruption 
20 of the molten pool and removal of material from the 
workpiece. In either case, material may be removed or 
added by using another separate element, which may comprise 
a consumable or disposable "palette" which is brought into 
close proximity to the work. In this case, the swipe path 
25 would fall partially onto the work and the palette. 

In the preferred case, the time between swipes at any 
one location is not wasted by turning the beam off. Instead 
the beam is used during this time to process and swipe 
other areas of the workpiece or alternative workpieces . 
3 0 The minimum number of separate locations that may be 

simultaneously processed by a single continuous beam is 
dictated by the time taken for each location f s swipe (or 
swipes) in relation to the dwell time required at each 
location between swipes. The maximum number is only 
35 limited by the capabilities of the beam deflection/ 
workpiece manipulation system, provided the extra cooling 
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afforded by a longer dwell time than is strictly necessary 
is tolerated. 

In one case, the workpiece may be static in relation 
to the electron beam generator. A "global" beam deflection 
5 pattern manipulates the beam between an array of locations 
(e.g. a pattern comprising rows and columns of uniform 
spacing) on the surface of the work. At each location a 
"motif" deflection may be carried out, comprising one or 
more "swipes" as required. After a set number of repeats 

10 of the "global" deflection pattern, the process is 
complete, and the beam is terminated (Figures 10 to 12) . 

In another case, "global" and "motif" patterns are 
used as above. However, in this case, the workpiece is 
also in motion, such that upon each repetition of the 

15 "global" pattern, it is differently superimposed over the 
work. On each repeat, the first column of locations in the 
global pattern is now over virgin material, the second 
column is over those locations which were most recently 
exposed to the first column, and so on. In modifications 

20 of the this process: 

• the number of columns in the "global" pattern can 
be made to equal the required number of visits or 
swipes at each location. In this way, the 
process may be applied continuously to a moving 

25 strip or sheet of substrate material, with an 

exactly equivalent net effect at each location 
(barring those at the - start and finish of the 
run) in every case; 

• if applied to a part of circular symmetry which 
3 0 is rotated during the process, an exactly 

equivalent action (barring the exact temperature 
change between two different swipes in some 
cases) may be obtained at every location on the 
work. This may be achieved provided the motion 
3 5 of the work is exactly synchronous with the 

global beam deflection, such that 3 60 degrees 
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rotation exactly corresponds to an integer number 
of global pattern repeats; 

• each column in the global pattern may be arranged 
so as to produce an equivalent swipe pattern at 

5 ' each location, or a different one at each 

location. In combination with the workpiece 
motion, this may be used to create more complex 
or inclined features on the work; or 

• if required, material may be added or removed 
10 from the work at locations which are fixed in 

relation to the electron gun. 
Some examples of the application of the method to 
austenitic stainless steel are shown in Figures 13-15. 
Figure 13 illustrates a single super hump surrounded by six 
15 cavities. Figure 14 illustrates the location of the super 
hump shown in Figure 13 in relation to its immediate 
neighbours while Figure 15 illustrates another arrangement 
of super humps . 

The parameters of the examples are set out in Table 1 
20 below. 
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CLAIMS 



1. A method of modifying the surface of a workpiece, the 
method comprising: 

1) causing relative movement between a power beam 
and the workpiece so that an elongate region of 
the workpiece is melted and the melted material 
displaced to form a hump at one end of the region 
and a cavity at the other; 

2) allowing the melted material to solidify; and 
thereafter 

3) repeating step 1) one or more times, the elongate 
region corresponding to each repeat intersecting 
the elongate region of step 1) . 

2. A method according to claim 1, wherein each of the 
elongate regions of step 3) coincides substantially with 
the elongate region of step 1) . 

3. A method according to claim 1 or claim 2, further 
comprising forming one or more groups of elongate regions, 
each group intersecting the elongate region of step 1) . 
4.. A method according to claim 3, wherein the cavities of 
each group are substantially co- incident with the cavity of 
the elongate region of step 1) . 

5 • A method according to claim 3 , wherein the humps of 
each group are substantially coincident with the hump of 
the elongate region of step 1) . 

6. A method according to claim 3, wherein the groups of 
elongate regions and the elongate region of step 1) define 
a "T" shape. 

7. A method according to any of claims 3 to 6, wherein 
the groups of elongate regions are arranged in a regular 
array . 

8. A method according to any of the preceding claims, 
wherein one or more of the elongate regions are 
rectilinear. 
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9. A method according to any of the preceding claims, 
wherein during step 2) , the power beam forms one or more 
elongate regions elsewhere on the substrate. 

10. A method according to any of the preceding claims, 
5 wherein the substrate is coated with another material prior 

to step 1) so that an alloy is formed during performance of 
the method. 

11. A method according to any of claims 1 to 9, wherein 
steps l)-3) are carried out in a gaseous atmosphere so that 

10 an alloy is formed. 

12 . A method of modifying the surface of a workpiece 
substantially as hereinbefore described with reference to 
any of the examples shown in the accompanying drawings. 

13 . A workpiece which has been modified by a method 
15 according to any of the preceding claims. 
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Fig 13. x~40 swipe/x6 superhump/x3 superhole result. Austenitic stainless steel. 




Fig 14. As per fig 13, but a general view. 



Fig. 15. x~100 Hump/holes. 
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